INTRODUCTION
Shallow-marine, nontropical carbonates formed significant deposits in the past (e.g. Nelson, 1978 Nelson, , 1988 Carannante et al., 1988; James & Bone, 1991; Lavoie, 1995) and they also accumulate at present in places such as Alaska, Antarctica, southern Australia, the southern Brazilian shelf, the British Isles, Canada, the Mediterranean Sea, New Zealand, Norway, eastern Siberia and South Africa (see Niino & Emery, 1966; Hoskin & Nelson, 1969; Siesser, 1971; Lees & Buller, 1972; Scoffin et al., 1980; Nelson & Bornhold, 1983; Farrow et al., 1984; Nelson, 1988; James et al., 1992; Boreen & James, 1993; Freiwald & Henrich, 1994; Carey et al., 1995) . Nevertheless, it is only very recently that they have been studied in detail and their sedimentary models have begun to be established. Most of these studies concentrate in two specific areas, southern Australia (Collins, 1988; James & Bone, 1991; James et al., 1992; Boreen & James, 1993) and New Zealand .
In southern Australia, modern shallow-shelf (<70 m), cool-water carbonate environments are essentially nondepositional settings, with extensive areas of exposed Pleistocene and Tertiary limestones encrusted by living benthos. Due to the action of high-energy waves (oceanic swell) and associated currents, active sedimentation and significant accumulation take place in deeper water on the outer shelf, shelf edge and upper slope (Boreen & James, 1993) . A similar situation can be seen in the New Zealand examples .
Here we present a detailed study of some uppermost Miocene (uppermost Tortonian/lower Messinian) temperate carbonates cropping out in a small, Mediterranean-linked basin, the Agua Amarga Basin in southern Spain. These deposits accumulated at very shallow depths, making for a completely different situation from the wellknown Australian examples. They also present an internal, high-frequency cyclicity that can be related to high-order eustatic sea-level fluctuations. All these aspects make the study of this example of particular interest for broadening our knowledge of temperate carbonates.
GEOLOGICAL SETTING
The Agua Amarga Basin (Almería, Spain) is a small, subordinate, E-W elongated depression at the northern limit of the Neogene, volcanic 'Sierra de Cabo de Gata' in Southern Spain, connected to the north with the Carboneras Basin and to the east with the Níjar-Almería Basin (Fig. 1) .
Temperate carbonates crop out extensively in the central parts of the Agua Amarga Basin (Fig. 2) . They consist of calcarenites and calcirudites with abundant fragments of bryozoans and bivalves together with smaller amounts of echinoids, barnacles, benthic foraminifers, coralline algae, brachiopods and solitary corals. They occur on top of volcanic rocks that yield a radiometric age of 9·6 Ma (Bellon et al., 1983; Montenat, 1990) . Two main sequences can be distinguished (Fig. 3) : the lower one consists of beach/barrier deposits of lower Tortonian age while the upper one is made up of coastal to platform deposits of uppermost Tortonian to lower Messinian age. These datings are based on foraminiferal assemblages . These two sequences can be correlated with the early Tortonian and the late Tortonian/early Messinian temperate episodes represented in other basins of the Betic Cordillera ). An important emersion event, marked by a well-developed red soil and, locally, by a karst surface, occurs in between the two sequences .
To the north-east and south of the basin, significant masses of volcanics yielding upper Tortonian radiometric ages (around 8 Ma) (Bellon et al., 1983; Fernández-Soler, 1992 ) appear intercalated between the two temperate-carbonate sequences. In places they incorporate huge (up to several hundred metres long and several tens of metres thick), irregular bodies of the underlying lower Tortonian, temperate carbonates . In these same areas a reef unit of Messinian age occurs unconformably on top of the uppermost Tortonian/lower Messinian temperate carbonates and/or the upper Tortonian volcanics, overlain in turn unconformably by locally brecciated oolitic and stromatolitic limestones from the upper Messinian (see, amongst others, Addicott et al., 1977; Dabrio & Martín, 1978; Esteban & Giner, 1980; Riding et al., 1991; Van de Poel et al., 1984) .
A thin layer (up to 5 m thick) of Pliocene, calcareous conglomerate/sand beach deposits completes the Neogene stratigraphy of the Agua Amarga Basin.
The Agua Amarga Basin probably developed as a small, pull-apart basin related to the sinistral Carboneras strike-slip fault system. In the northern margin of the basin, facies trends were arranged ENE/WSW during the two Miocene temperate episodes. During the early Messinian, the palaeogeography was strongly modified due to intense tectonic activity and subsequent uplift and emersion of the north-eastern and southern areas, around which Messinian reefs developed (see Braga & Martín, 1992, fig. 2 ; Martín & Braga, 1995, fig. 2 ). Further modifications occurred during the Pliocene and Quaternary ( Van de Poel et al., 1984) . At present a significant portion of the basin is completely elevated and only its eastern continuation still lies under the Mediterranean sea.
UPPERMOST TORTONIAN/LOWER MESSINIAN TEMPERATE CARBONATES
In the Agua Amarga area these carbonates occur unconformably on top of the lower Tortonian temperate carbonates (Figs 2 and 3) . They are bioclastic, bryozoan/bivalve-dominated calcarenites/calcirudites ('bryomol facies' after Nelson et al., 1988) , with abundant fragments of echinoids and barnacles as well, together with minor quantities of benthic foraminifers, coralline algae, brachiopods and solitary corals .
Their stratigraphy consists of four units (Fig. 4) . The lower three units form the so-called 'Azagador Member' of Ruegg (1964) . The uppermost unit is considered to be part of the 'Abad Member' (Ruegg, 1964) , represented in other basins of the region by extensive marl deposits of Messinian age (Sierro et al., 1993; . From bottom to top, the four units are as follows. 1 A megatrough cross-bedded unit, with a maximum thickness of 10 m, that thins out and disappears to the north, passing into conglomeratic, debris-flow deposits up to a few metres thick, with boulders of volcanic rocks up to 1 m in size. The basal contact is clearly erosive. Single troughs, pointing mainly to the south and east, may be more than 100 m in wavelength and 3-4 m thick, and consist of a granule-to pebblesized calcirudite (rudstone) with abundant fragments of all the above-mentioned bioclasts. 2 A breccia unit, up to 3 m thick, lying directly to the north on the lower Tortonian carbonates. Some clasts (up to 30 cm long) are lithoclasts from the underlying lower Tortonian and megatroughunit carbonates, although there are volcanic pebbles as well and abundant centimetre-sized bioclasts of bryozoans, oysters and pectinids, solitary corals, coralline algae, barnacles, gastropods, etc. They all are embedded in a calcarenite/ fine-grained (granule-sized) calcirudite bioclastic matrix. 3 A bedded unit brilliant white in colour, up to 25 m thick, consisting of bryozoandominated calcarenites/calcirudites, exhibiting well-developed horizontal bedding (single beds may be up to 2 m thick). 4 A soft, highly expansive, planktonic-rich, finegrained calcirudite (granule-sized) to calcisiltite unit, up to 20 m thick, with local, mound-shaped calcarenite bars several tens of metres in wavelength and up to 7 m high. Some layers are highly bioturbated. Large, centimetre-sized bioclasts of oysters, pectinids, echinoids, bryozoans, barnacles and rhodoliths are locally abundant. This unit, which is the most extensive that we have observed, represents the maximum flooding for these upper Tortonian/lower Messinian temperate carbonates. An important tectonic pulse took place immediately after its deposition, causing the uplift and partial emersion of the north-eastern and southern margins of the basin (see above). As a consequence, the evolution of the sequence was interrupted in its maximum transgressive phase. This tectonic event was of regional extent and is also well documented in the Sorbas Basin (Martín & Braga, 1995) .
The lower three units can be tentatively assigned to a lowstand systems tract. Equivalent sediments in the nearby Sorbas Basin forming the 'Azagador Member' are thought to represent the LST of a fourth-order sequence (Martín & Braga, 1995) . This LST constitutes in turn a subsequence of immediately higher frequency that can be subdivided, on the basis of stratigraphic and geometrical field relationships, into a lowstand (the 'megatrough unit'), a transgressive (the 'breccia unit', a 'lag' deposit presumably linked to erosive coast retreat) and a highstand event (the 'bedded unit') ( Fig. 4 ). This paper deals in particular with the bedded unit, which reveals the most complete facies model together with an interesting internal cyclicity.
THE BEDDED UNIT
This unit is well exposed throughout the Agua Amarga Basin. Facies-type distribution, dipping of beds and thickness variations define its original palaeogeography as a small trough (1·5 km wide and at least 4 km long), orientated ENE/WSW. Facies belts can be traced laterally some 3 km in the northern part of the basin (Fig. 5) .
Only the northern margin of the basin was emergent. The southern margin corresponds to an elevated shoal area west of Agua Amarga, separating the Agua Amarga Basin from other small contemporaneous, adjacent basins to the south (Fig. 5) .
A composite, approximately N-S transect across the northern margin of the basin has been selected to study facies distribution from the shallowest parts of the basin to the deepest areas. Observations were made in five sections located at four different areas (Fig. 1) .
'La Gorra' area (section 1, Fig. 1 
)
At this locality, calcirudite (calcarenite) beds up to 1·2 m in thickness show internal layering with well-developed, low-angle parallel lamination prograding to the south-east (N140 E). These layers are 10-40 cm thick and dip up to 15 towards the south-east (Fig. 6 ). We interpret these as foreshore (beach) deposits. They overlie and pass laterally south-eastwards into trough crossbedded calcirudites (calcarenites) interpreted as shoreface deposits. Single troughs, with axes orientated N60 -80 E, are up to 1 m thick and 5-10 m in wavelength (exceptionally up to 15 m). Five episodes of foreshore sedimentation can be recognized, intercalating to the south-east with the shoreface deposits (Fig. 7) .
The petrology of the deposits varies in detail from poorly classified, pebble-sized calcirudites (rudstones) to well-sorted, coarse-grained calcarenites. Large bioclasts (up to 5 cm), mainly of bivalves and echinoids, sometimes appear dispersed in a finer (calcarenite to fine-grained calcirudite) bioclastic matrix which also has bryozoans, bivalves and echinoids as major components. Burrowing concentrates in the upper shoreface deposits and in the foreshore/shoreface transition.
'Los Serenos' area (section 2, Fig. 1) Trough cross-bedded, bioclastic calcirudites (rudstones) predominate in this area (Fig. 8A) . The thickness of the unit and the scale (dimensions) of the sedimentary structures increase very rapidly in a N-S direction. The northernmost section, which represents a transition from the typical shoreface deposits of the beach system, consists of fine-grained calcirudites, with bioclasts up to 1·5 cm in size, although they normally range from 1 to 4 mm. Individual troughs are up to 15-20 m in wavelength and 1-2 m thick. A few hundred metres southwards, single troughs may be up to 3-4 m thick and 80-100 m in wavelength, and bioclasts are up to 3-4 cm in size. Superimposed on these largescale structures are smaller megaripples (of metric scale) and ripples (of centimetric scale). A significant part of these structures, no matter the scale, are orientated between N240 and N280 E, with gentle dips (10-12 maximum), indicating a possible influence of longshore currents and/or eastern storms (those predominating in the area in the present day). Others show a northern (between N320 E and N10 E) or a southern (between N140 and N200 E) orientation. All these deposits correspond to a shoal area trending ENE/WSW along the northern margin of the basin (Fig. 5) . In the easternmost sections there is a significant presence of small volcanic clasts in the calcirudite. ' area (section 3, Fig. 1) Here five well-defined, thick calcarenite/finegrained calcirudite (Fig. 8B ) beds are intercalated between very coarse, pebble-to cobble-sized calcirudites (floatstones) (Figs 8C, 9A and 10A) with well-preserved remains of nodular and branching bryozoans (Fig. 10B), bivalves (Fig. 8C) , barnacles, echinoids and red algae. Single bioclasts may be up to 10 cm in size.
'Las Cordilleras
The calcarenite/calcirudite beds (up to 2 m thick) extend laterally in a N-S direction for some tens of metres before thinning out and disappearing at both ends (Fig. 9A) . In detail, they show a complicated internal structure (Fig. 9B ). Tops and bottoms are sharp and irregular (Figs 9B and 10A) . They normally start as a small bar with well-defined morphology to which other bars are laterally attached and partly superimposed, giving as a whole a well-defined, tabular crossbedding pointing seawards (SSE) (Fig. 9B) . Internally, most of these bars show poorly defined cross-lamination pointing to the NNW, clearly indicating that they moved landwards before merging and becoming welded to previous bars (Fig. 9C) . Similar morphologies have been described in shallow oolitic bars moved by waves in the upper Jurassic of the Iberian Range (Martín & Fernández, 1985) . In the area of 'La Joya', 2 km east of 'Las Cordilleras' within the same facies belt, equivalent beds exhibit a prominent and persistent tabular cross lamination pointing to the NNW.
Floatstone deposits show a broad (up to 0·5 m thick and 10 m across), poorly defined, gently undulating bedding. The large size and low degree of fragmentation and abrasion of their bioclasts indicates that most of these remains come from organisms that lived in this area or close by. Hereafter we will refer to it as the 'factory area'.
'Rambla de los Viruegas' area (sections 4 and 5, Fig. 1) Here the bedded unit shows a fan-array (fanbedded) disposition, with single layers increasing in thickness from north to south, and dipping gently to the SSE (Fig. 11) . To the north, poorly sorted, coarse-grained calcirudites (floatstones) (Figs 8D and 12) containing bioclasts up to 8 cm in size are intercalated between, and grade laterally southwards into, coarse-(2-3 cm) to fine-grained (a few millimetres) calcirudites (rudstones) with well-developed, parallel lamination. These two types of sediments could be genetically related and might represent small debris flows and associated, finer-grained, turbidite deposits.
To the south, medium-(1 cm) to fine-grained (a few millimetres) calcirudites (rudstones) again exhibiting very distinctive, parallel lamination (Figs 13 and 14) predominate. These sediments are intercalated, and in some cases thin out and disappear, between five, well-defined, thick (2-3 m) beds (Fig. 14) . These latter beds consist of calcarenites/fine-grained calcirudites (rudstones) with highly abraded bioclasts, up to a few millimetres (3-4 mm) in size, and with a very consistent internal tabular cross-bedding pointing to the NNW. They are probably related to migrating sand waves that pinch out and disappear to the north, through an area where only small, isolated bars occur (Figs 11 and  14) . They increase very rapidly in thickness southwards to become locally amalgamated (Fig. 14) .
DEPOSITIONAL MODEL
Field relationships clearly show that the beach deposits give way laterally to the trough crossbedded shoal sediments. These in turn grade to the floatstones of the factory area and the latter change to the floatstones/rudstones of the fanbedded zone.
The depositional model that can be inferred (Fig. 15) is that of a gentle ramp with shoal development at its higher, shallower parts. Immediately seawards of the shoals, below the fair-weather wave-base, was the factory area, where most of the organisms lived and maximum carbonate production took place. From this area, some of the skeletons were moved landwards by waves and/or currents during storms, and incorporated into the shoals and beaches while others moved downslope along the ramp, as mass-flows (debris flows, grain flows(?) and turbidites), accumulating below storm wave base to form the fan-bedded zone.
The possibility of an autochthonous additional skeletal contribution to the sediment from organisms living in subenvironments other than the factory area is evidenced by some scattered, wellpreserved invertebrate remains occurring from the shoreface deposits down to the fan-bedded zone.
Significance of the calcarenite/calcirudite beds
The calcarenite/calcirudite beds of the 'Las Cordilleras' (Fig. 9 ) and 'Rambla de los Viruegas' (Fig. 14) areas consist of well-sorted calcarenites to fine-grained calcirudites (Fig. 8B) , reflecting an intense reworking of grains prior to their final deposition.
There is a clear separation between those beds appearing immediately in front of the shoal zone ('Las Cordilleras'/'La Gorra' areas) and those occurring in deeper settings of the basin ('Rambla de los Viruegas' area). In the 'Las Cordilleras' section, single bars inside the beds show evident internal cross-lamination (Fig. 9) . At 'Rambla de los Viruegas', the beds exhibit conspicuous, internal tabular cross-bedding as the most prominent sedimentary structure (Figs 11 and 14) , which we tentatively relate to the migration of sand waves. Both types of structures clearly point to the NNW, indicating that bars and sand waves moved landwards. Individual, isolated bars presumably developed in conditions of lower energy and less sediment supply compared to those of the sand waves. All these features suggest very shallow coastal bars and sand waves moved by wave action and/or currents. Overall they reflect two definite stillstands of the sea, one for those of the 'Las Cordilleras'/'La Gorra' areas and another one for those of the 'Rambla de los Viruegas' area.
UNIT CYCLICITY
The bedded unit as a whole probably represents the highstand of a fifth-order sequence (see above). Within this highstand we recognize five cycles exemplified by the five episodes of foreshore (beach) progradation (Fig. 7) , the five amalgamated bar units intercalated within the factory facies (Fig. 9 ) and the five episodes of bar and sand wave development associated with the fan-bedded layers (Fig. 14) .
The bars and sand waves at the bottom of each episode of fan-bedded layer development (Fig. 14) originated in coastal settings during lowstands. They clearly represent long periods of accumulation with unidirectional bar migration. The bars located in a higher position within the ramp, interbedded with the factory facies (Fig. 9) , relate to transgressive events, while highstands correspond to times when prograding beaches, shoals, factory facies and fan-bedded layers developed (Fig. 15) . Net production occurred mainly during the highstands, while the lowstand and the transgressive stages are predominantly periods of reworking.
Biostratigraphic data of both planktonic foraminifers and nannoplankton indicate that the Azagador Member in the nearby Sorbas Basin was deposited 'inside' the normal polarity interval C3Bn of the geomagnetic polarity time-scale of Cande & Kent (1992) (Benson & Bied, 1991; Sierro et al., 1993) . This interval lasted less than 200 kyr (from 6·37 to 6·50 Ma, according to the scale of Bergreen et al., 1985;  or from 6·744 to 6·901 Ma, according to Cande & Kent, 1992) . The internal cyclicity of the bedded unit, which is part of the Azagador Member, must therefore be within the spectrum of Milankovitch cyclicity, although the exact periodicity in this case cannot be confidently determined.
Five cycles can be recognized at the outcrops inside the bedded unit. If we keep in mind that there were approximately five precession cycles in the short eccentricity cycle throughout the Mesozoic-Cenozoic (Fischer & Bottjer, 1991) , we can accept as a possibility that the whole bedded unit was deposited during a 100 000-year interval (that related to the short eccentricity cycle). If this is the case, sediment accretion values for the most representative sections studied (see Figs 7, 9, 11 and 14), assuming there was no significant compaction (see Fig. 8 ), are as follows: 10·5 cm kyr -1 for the beach deposits; 11·5 cm kyr -1 for the shoals; 6·6 cm kyr -1 for the area where the factory facies and the calcarenite/calcirudite beds alternate; 16·4 and 18·6 cm kyr -1 for the upper part of the bedded zone, and 23·8 cm kyr -1 for its lowermost part, where calcarenite/calcirudite beds and fan-bedded layers alternate. These accretion rates are quite compatible with those given by James & Bone (1991) and Boreen & James (1993) for shallow-marine temperate carbonates in both present and ancient deposits. In this respect, the five cycles we find inside the bedded unit presumably correspond to the c. 20 000-year precession cycles of the Milankovitch band.
COMPARISON WITH OTHER EXAMPLES OF TEMPERATE CARBONATES
If we compare our model with those established recently in Cenozoic and modern deposits of South Australia (see, amongst others, James & Bone, 1991; James et al., 1992; Boreen & James, 1993) , the main difference is the energy-level of the shelf and subsequently the location of the areas of maximum production and accumulation.
In the Australian examples, due to high-energy swell waves and associated shelf currents, the production and accumulation areas are located further down the ramp than in our example, and sedimentation takes place at the shelf margin (outer shelf and shelf edge) and upper slope environments (mainly at depths of 180-400 m). By contrast, the inner shelf (<70 m deep) is a high-energy zone with widespread carbonate production and local cementation but only minor accumulation due to abrasion, planation and erosion. Fluctuations in sea-level and/or storm activity coupled to glaciation result in an alternation between periods when the outer shelf is largely below the critical depth and accumulation prevails, and times when it is within the zone of wave abrasion and there is cementation/erosion together with sediment bypass (but no deposition) (James & Bone, 1991; Boreen & James, 1993) .
In our example, due to the relatively low energy level compared to that of southern Australia, sedimentation takes place all along the shallow ramp. The most significant difference may be that the main accumulation area is located downslope of the factory area and not in the factory area itself as in southern Australia. Eustatic sea-level fluctuations presumably of a higher order frequency than those studied in some detail in Australia by Boreen & James (1993) imply mainly reworking of previously deposited material and formation of coastal bars and sand waves with no evidence of contemporaneous net production.
The most noteworthy difference with presentday Mediterranean temperate carbonate production and sedimentation is the role played by coralline algae as sediment components. Fig. 11 . Cross-section and stratigraphic columns at the northernmost part of the 'Rambla de los Viruegas' area (see Fig. 1 for  location) showing fan array disposition of layers and the existence to the south of some calcarenite/fine-grained calcirudite beds, with a well-defined tabular cross-bedding migrating to the NNW. Note the irregular base of some of the floatstone layers in the most proximal section. Inset: the 'shelter' effect of a calcarenite/ calcirudite bar during deposition of the subsequent downslope layers. Coralline algae are minor components in the upper Tortonian/lower Messinian carbonates of the Agua Amarga Basin. In contrast, in the Mediterranean examples described by Pérès & Picard (1964) and Carannante et al. (1988) , in situ coralline-algal growths, with different algal assemblages and morphologies depending on depth, extend from the shore down to depths of 100 m. They are associated with molluscs, bryozoans and benthic foraminifers. Bioclastic sediments accumulate in local hollows at depths between 50 and 100 m. Below this depth, where conditions are now no longer adequate for the above-mentioned organisms, a relict bioclastic deposit related to the last Pleistocene lowstand occurs.
CONCLUSIONS
The bedded unit is the most conspicuous of the uppermost Tortonian/lower Messinian temperate carbonate units cropping out in the Agua Amarga Basin, southern Spain. Each of these exhibits tabular cross-bedding to the NNW and local bar morphologies (bar and sand-wave deposits), and is overlain by medium-to fine-grained calcirudite (rudstone) layers with distinctive parallel lamination, dipping gently to the south (fan-bedded layers). Note (inset) how the three central beds become amalgamated to the south. Floatstones immediately underlying Unit 1 are considered to be distal equivalents of the 'breccia unit'.
The bryozoan/bivalve-dominated calcarenites/ calcirudites of the bedded unit were deposited in a shallow, gentle ramp, with facies belts arranged roughly E-W and the coastline to the north of the basin. Seawards from the coast these belts were: the beach system, the shoal area, the factory area and the fan-bedded zone. Skeletal production took place mainly in the factory area. Skeletal grains were washed landwards by waves and/or currents during storms and incorporated into the shoals and beaches, and removed downslope along the ramp as mass-flows accumulating in the fan-bedded zone.
The calcarenite/calcirudite beds that are intercalated with the factory-area and fan-bedded sediments correspond to bars and sandwaves formed in a very shallow, wave/current-influenced, coastal environment. The ones in the fan-bedded zone developed during lowstands, those located higher up in the ramp, interbedded with the factory facies, relate to transgressive stages, while prograding beaches, shoals, factory facies and fan-bedded layers developed during the highstands. Skeletal-grain production occurred mostly during the highstands, while the lowstand and transgressive stages were predominantly periods of reworking.
The bedded unit is considered to have been deposited in a 100 000-year interval (equivalent to the short eccentricity cycle) and is tentatively assigned to the highstand systems tract of a fifthorder sequence. Bearing this in mind, sedimentaccretion values exhibited by the bedded unit sediments are similar to those of present and ancient shallow-marine, temperate carbonates, and, in this respect, the five cycles inside the bedded unit would correspond to the c. 20 000-year precession cycles of the Milankovitch band. Fig. 15 . Depositional model and internal cyclicity of the bedded unit. At the highstand stage, the depositional model is a carbonate ramp with shoals at its upper reaches grading landwards to beach deposits and seawards to sloping, fan-arrayed layers, through an intermediate zone, placed immediately in front of the shoals, where most organisms lived and subsequent maximum carbonate production was located. Sediment transport occurred mainly during storms and was both landwards, presumably by waves and/or currents, and seawards, as mass flows. In the lowstand stage, coastal bars and sand waves developed at a low point down the ramp. In the transgressive stage, they shifted to a higher position.
